1. Introduction
===============

Human coronaviruses (HCoVs) are major causes of upper respiratory tract illness in humans. Recently, a novel HCoV was found to induce severe acute respiratory syndrome (SARS) by action of the spike protein of coronavirus to mediate infection of target cells.[@bib1] Patients with SARS-associated coronavirus infection could develop atypical pneumonia with fulminant pulmonary edema. Additionally, more than 2000 people have died of this disease during the last two years. Therefore, research and development of an anti-HCoV agent is an important way to control disease. Generally, there are three targets for developing anti-viral agents,[@bib2] (1) inhibitors of virus entry and membrane fusion, (2) protease inhibitors to inhibit cleavage of the viral polymerase protein and viral RNA synthesis, and (3) nucleoside inhibitors to block viral replication. Among them, the inhibitors of HCoV (or SARS-CoV) proteinase and anti-HCoV agents are attractive targets for treating SARS now.[@bib3] Therefore, L-700,417, a HIV-1 protease, and sabadinine, a natural product isolated from *Veratrum sabadilla*, were considered as inhibitors of the SARS-CoV proteinase based on computational modeling evaluation.[@bib4], [@bib5] Additionally, glycyrrhizin, a natural component of traditional Chinese medicine from *Glycyrrhiza uralensis*, was demonstrated to inhibit the replication of SARS-CoV.[@bib6] On the other hand, HCoVs and their associate viruses usually induced pulmonary inflammation. While the inflammation was induced by virus, a key event (leukocyte extravasation through the endothelium) is the local activation of endothelial cells, as indicated by the expression of adhesion molecules such as intercellular adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), and E-selectin.[@bib7] Therefore, in our research on anti-HCoV and anti-inflammatory agents from natural sources and their derivatives, we found the dianthranthramide derivatives, benzoxazinones, exhibited anti-HCoV and anti-inflammatory effects.

Dianthramides as phytoalexin were isolated from *Dianthus* species of Caryophyllaceae, while these plants were infected by *Phytophthora parasitica*.[@bib8] The carboxylic function of the anthranilic acid in dianthramides skeleton can be free (dianthramide A), methylesterified (dianthramide B), or implicated in a 2-substituted benzoxazinone heterocycle (dianthalexin) ([Fig. 1](#fig1){ref-type="fig"} ).[@bib9] Among them, all analogues exhibited in vitro antifungal activity against *P. parasitica*.[@bib8] The 2-substitution benzoxazinones are also known as mechanism-based inhibitors of standard serine proteases of the chymotrypsin superfamily[@bib10], [@bib11] and inhibit by formation of an acyl--enzyme complex through attack of the active site serine on the carbonyl group.[@bib12], [@bib13] Therefore, the 2-substituted benzoxazinones showed bioactivities on human leukocyte elastase,[@bib11], [@bib14] C1r serine protease of the complement system,[@bib15], [@bib16] cathepsin G,[@bib17] human chymase,[@bib14] and tissue factor VIIa.[@bib18] Furthermore, there is interest that 2-substituted benzoxazinones could also be virtual protease inhibitors against herpes simplex virus type 1 (HSV-1) protease[@bib18] and hCMV protease.[@bib20] As mentioned, we tried to research and develop 2-substituted benzoxazinones as anti-HCoV agents, and fortunately we found some analogues of benzoxazinones exhibited significant effect against HCoVs. In here, we report the preparation and preliminary screen data of anti-HCoV and ICAM-1 expression inhibition of these 2-substituted benzoxazinone analogues ([Fig. 2](#fig2){ref-type="fig"} ).Figure 1Dianthramides skeleton transformation.Figure 2The compounds **1**--**10** synthesized.

2. Chemistry
============

2-Phenyl-8-methoxy-benzoxazinones derivates, compounds **1**--**7** were prepared by reaction of 2-amino-3-methoxy-benzoic acid with corresponding substituted benzoyl chlorides. Compounds **8**--**10** were synthesized by reaction of 1-amino-naphthalene-2-carboxylic acid or 3-amino-naphthalene-2-carboxylic acid with corresponding substituted benzoyl chlorides. All products were fully characterized using spectral data (^1^H NMR, UV, IR, and MS).[@bib21], [@bib22]

3. Pharmacological evaluation and discussion
============================================

3.1. Anti-HCoV assays
---------------------

Seventy microliters of MRC-5 cells (human fibroblasts cells, 1.0 × 10^5^  cells/mL, in 3% FBS-DMEM medium) were cultured in a 96-well plate and incubated for 24 h at 37 °C. 20 μL of HCoV (strain 229E, 20 TCID~50~/well) was added and incubated for 2 h at 37 °C. Ten microliters of drug was added in triplicate in various concentrations. An XTT assay was used to determine the level of cell viability after 4 days incubation at 37 °C. Actinomycin D was used as a positive control.

3.2. ICAM-1 expression assays
-----------------------------

This assay was performed using methods as described previously.[@bib7]

3.3. Structure--activity relationship (SAR) studies
---------------------------------------------------

All synthesized 2-phenyl-benzoxazinone analogues were tested in parallel with Actinomycin D against HCoV, and the data are summarized in [Table 1](#tbl1){ref-type="table"} . The active compounds were tested in ICAM-1 expression assays in advance. Among them, compounds **1** and **6** exhibited significant inhibition activities to ICAM-1 activation, the ED~50~ were 1.00 and 0.50 μg/mL, respectively. Furthermore, compounds **3**, **4**, **5**, and **7** were inactive (ED~50~  \> 10 μg/mL). According to these results, some structure--activity relationship could be proposed:   1.2-Phenyl-benzoxazinones showed good anti-HCoV activity. Among them, compound **5** had the most potency on anti-HCoV assay.2.The bioactivities of anti-HCoV compounds decreased according to 2-phenyl group *ortho*-halogen substitution in the order F \> Cl \> Br3.The anti-HCoV activities of 2-phenyl naphtho\[1,2-*d*\]\[1,3\] oxazin-4-ones **8**, **9**, and **10**, which fused a benzene ring on the 7,8 positions of benzoxazinones, were nil.4.4′-Chloro- and 4′-bromo-2-phenyl benzoxazinones showed significant inhibitory effects to ICAM-1 expression. *Ortho*- and *meta*-halogen substituted analogues had no activity.    Table 1Anti-human coronavirus activity of compounds **1**--**10**IC~50~ (μg/mL)[a](#tblfn1){ref-type="table-fn"}Actinomycin D0.02**1**6.08 ± 1.54**2**Inactivity**3**5.06 ± 0.08**4**6.83 ± 2.83**5**1.92 ± 0.36**6**7.59 ± 3.66**7**5.79 ± 1.12**8**Inactivity**9**Inactivity**10**Inactivity[^1]

In conclusion, the compounds **1**, **3**, **4**, **5**, **6**, and **7** exhibited significant activities to against human coronavirus. Moreover, compounds **1** and **6** were also showed impressive effects in the inhibition of ICAM-1 expression. This is the first report for benzoxazins as ICAM-1 inhibitors, and they also serve as anti-HCoV agents. These results propose a lead compound on research and development of anti-HCoV and ICAM-1 inhibition agents.
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[^1]: The IC~50~ values are presented as mean ± S.E. (*n* = 3).
